**Core tip:** Incidents are self-limiting and do not change therapy. Adverse events (AEs) of endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) have attracted attention, whereas incidents are almost ignored. Although incidents do not interfere with procedures and treatment, documenting them might improve procedural quality and prediction of AEs. Our study was designed to evaluate the diagnostic value and safety mainly regarding incidents of EUS-FNA. We found the accuracy of EUS-FNA in differentiating benign and malignant lesions and characterizing pancreatic cystic lesions subtype was high. The AE rate was low, however procedure-related incidents are common and should be paid attention to.

INTRODUCTION
============

Pancreatic cystic lesions (PCLs) are becoming increasingly prevalent, with increased diagnosis related to the wide use of abdominal cross-sectional imaging. The incidence of asymptomatic cysts ranges from 0.7% to 24.3%\[[@B1]-[@B5]\]. With a broad differential diagnosis, PCLs are mainly divided into benign non-neoplastic cysts and neoplastic cysts, some of which have malignant potential or are of low malignancy. The frequency of malignancy among mucinous cystic neoplasms (MCNs) and intraductal papilla mucinous neoplasms (IPMNs) which are subtypes of neoplastic cysts, ranges from 3.9% to 81%\[[@B6]\], while the 2-year survival rate of malignant PCLs is as low as 10%\[[@B7]\].

Correct diagnosis and accurate classification of PCLs are important for making treatment decision. Endoscopic ultrasound (EUS) has high spatial resolution, and EUS-guided fine-needle aspiration (EUS-FNA) contributes to diagnosis by providing cystic fluid examination, cytology and biopsy\[[@B8]\]. EUS-FNA is the predominant method for diagnosis of PCLs\[[@B9],[@B10]\]. However, compared with computed tomography (CT) and magnetic resonance imaging (MRI), EUS-FNA is an invasive operation. It is the top priority to ensure the safety of EUS-FNA.

Incidents are unplanned events that have no influence on completion of an operation and postoperative treatment, and adverse events (AEs) are defined as events that prevent completion of or change to the planned procedure\[[@B11]\]. Incidents are self-limiting and do not change therapy. AEs have attracted attention, whereas incidents are almost ignored. Although incidents do not interfere with procedures and treatment, documenting them might improve procedural quality and predict AEs.

There have been many studies on the safety and diagnostic accuracy of EUS-FNA for PCLs, but there have been few studies regarding the incidents related to this procedure. Our study was designed to evaluate the diagnostic value and safety mainly regarding incidents of EUS-FNA.

MATERIALS AND METHODS
=====================

Patients
--------

We prospectively enrolled 150 consecutive patients with suspected PCLs from April 2015 to November 2016. Excluding 10 patients who did not undergo EUS-FNA, we finally enrolled 140 patients. The indications for EUS-FNA were: (1) indeterminate PCLs in radiological imaging studies; (2) easier and safer access to the cyst; (3) age ≥ 18 years; and (4) signed informed consent. The following exclusion criteria were used: (1) reluctance to receive EUS-FNA or inability to sign informed consent independently; (2) high risk for operation, or pregnancy; (3) evidence of active acute pancreatitis, pancreatic necrosis or pseudocyst; and (4) coagulopathy (international normalized ratio \> 1.5, platelets \< 50000). When evaluating the diagnostic value, only the patients who underwent surgery were enrolled. When evaluating the safety of EUS-FNA, patients who did not undergo any other operation \> 1 wk after EUS-FNA were studied.

Study design
------------

Patients with suspected PCLs by imaging examination were requested to undergo EUS examination and EUS-FNA. The EUS and EUS-FNA procedures were performed by experts with \> 10 years' experience. Some patients underwent other operations, like surgery, EUS-guided ablation and endoscopic retrograde cholangiopancreatography, after the EUS-FNA. The presumed endoscopic diagnosis was made after taking EUS and cystic fluid examination findings into consideration. The diagnostic accuracy of EUS-FNA was compared with pathological diagnosis, which is regarded as the gold standard for diagnosis of PCL.

Patients undergoing EUS-FNA ≥ 1 wk before other operations were monitored for incidents and AEs to evaluate safety; therefore, patients who underwent other operations \< 1 wk after EUS-FNA were excluded when evaluating the incident and AE rates. Any symptoms and signs of abdominal pain, fever, bleeding, nausea, infection, acute pancreatitis, perforation and hyperamylasemia, were recorded. Patients were monitored on the ward for ≥ 3 d and discharged when they did not feel any discomfort. If they were hospitalized for \< 7 d, we followed them up by telephone to document incidents and AEs that might have arisen.

Endoscopic procedures
---------------------

All patients with suspected PCLs underwent EUS evaluation with a liner-array echoendoscope (Prosound F75; Aloka, Tokyo, Japan, and GF-UCT260; Olympus, Tokyo, Japan) under intravenous anesthesia. The lesions were characterized by size, location, wall thickness, number of septa, morphology of the pancreatic duct, and presence of papilla or associated mass. Transgastric or transduodenal puncture of the cyst was done using a 22-gauge or 19-gauge needle (Echotip; Cook, Limerick, Ireland) and cystic fluid was aspirated. If the cystic fluid was too viscous for aspiration, 0.9% normal saline solution was used to decrease the viscosity of the cyst. The cyst fluid was sent for cytology and biochemical analysis. Biopsy of the cystic wall through a fine needle was done if necessary. The procedures are shown in Figure [1](#F1){ref-type="fig"}.

![The procedures of endoscopic ultrasound-guided fine-needle aspiration. A: Endoscopic ultrasound view of the cyst, showing a 46.0 mm^2^ × 39.0 mm^2^ cyst in pancreatic neck; B: Puncture of the cyst with a 19-guage needle and aspiration of the cystic fluid; C: Specimen of cystic fluid, sent for cytology and biochemical analysis; D: Histopathological image of cystic fluid cytology, diagnosed with serous cystic neoplasm (H and E, × 100); E: Histopathological image of cystic fluid cytology (H and E, × 200); F: Histopathological image of biopsy of the cystic wall of the same cyst (H and E, × 10); G: Histopathological image of biopsy of the cystic wall of the same cyst (H and E, × 40).](WJG-23-5610-g001){#F1}

Postoperative treatment
-----------------------

After EUS-FNA, patients were intravenously administered one dose of an intravenous antibiotic for 3 d and octreotide for 1 d. An intravenous proton pump inhibitor (PPI) for 1 d and an additional 3 d of an oral PPI were required. Six hours and the morning after the procedure, the patients were assessed for serum amylase and lipase levels. If these results were abnormal, rechecking was required once daily before they returned to normal. Oral intake of food was allowed 1 d after EUS-FNA if there was no severe AE.

Definitions
-----------

Incidents were different from AEs. Incidents were defined as symptoms or signs that did not interfere with the planned treatment. AEs were defined as events that prevented completion of or change to the planned procedure. Moderate to severe abdominal pain that needed additional treatment was regarded as an AE, while mild abdominal pain was regarded as an incident. The size of PCLs was determined by their largest diameter. If EUS-FNA was performed on several cysts in one patient, the diameter was calculated as the sum of the largest diameters of these cysts. All of the patients were given a presumed diagnosis on the basis of EUS, cystic fluid analysis and cystic wall biopsy before surgery.

Statistical analysis
--------------------

All calculations were performed using SPSS version 17.0. Quantitative data, including cystic size and patients' age, were expressed by the mean or median and tested by *t*-test or nonparametric test. Enumeration data, like diagnostic accuracy rate and incident rate, were tested using *χ*^2^ or Fisher's exact test. A *P* value \< 0.05 was considered significant.

RESULTS
=======

Basic characteristics are summarized in Table [1](#T1){ref-type="table"}. There were 88 (62.9%) women and 52 (37.1%) men among 140 patients, with a mean age of 50.1 (± 15.4) years. There were 67 cysts located in the head/uncinate of the pancreas and 67 in the body/tail, and 6 patients had at least one cyst in the pancreas. Cystic fluid analysis was available for 89 patients and 1 patient had aspiration of two cysts. The levels of carcinoembryonic antigen, amylase, lipase and carbohydrate antigen 19-9 were 4.89 ng/mL (range: 0.20-19 636.5 ng/mL), 316.75 U/L (range: 1.2-275 020 U/L), 1713.60 U/L (range: 4.4-1 594 160 U/L) and 640.75 ng/mL (range: 1.07- \> 20000 ng/mL), respectively. There were 75 patients undergoing surgery and 55 undergoing EUS-FNA with interval at least 1 wk before other operations, with 3 patients undergoing the procedure twice. Seventy pancreatic neoplastic cysts and five non-neoplastic cysts were found in pathological diagnosis. There were 25 MCNs, 27 serous cystic neoplasms, 7 solid pancreatic neoplasms, 8 IPMNs, 1 neuroendocrine neoplasm and 2 cystadenocarcinomas among the neoplastic cysts, and 2 pseudocysts, 2 true cysts and 1 case of cystic tuberculosis among the non-neoplastic cysts. There were 75 patients undergoing surgery after EUS-FNA and 58 were available for safety evaluation. The study flowchart is shown in Figure [2](#F2){ref-type="fig"}.

###### 

Baseline characteristics of 140 patients suspected of pancreatic cystic lesions

  **Characteristic**       **Result[1](#T1FN1){ref-type="table-fn"}**
  ------------------------ --------------------------------------------
  Age, yr                  50.1 ± 15.4
  Sex                      
  Female                   88 (62.9)
  Male                     52 (37.1)
  Cyst location            
  Head/uncinate            67 (47.9)
  Body/tail                67 (47.8)
  Multiple cysts           6 (4.3)
  Pathological diagnosis   
  Neoplastic cyst          70
  MCN                      25
  SCN                      27
  SPN                      7
  IPMN                     8
  NEN                      1
  Cystadenocarcinoma       2
  Non-neoplastic cyst      5
  Pseudo cyst              2
  True cyst                2
  Cystic tuberculosis      1

Presented as mean ± SD, *n* (%), or *n*. IPMN: Intraductal papilla mucinous neoplasm; MCN: Mucinous cystic neoplasm; SCN: Serous cystic neoplasm; SPN: Solid pancreatic neoplasms; NEN: Neuroendocrine neoplasm.

![Study flowchart. ERCP: Endoscopic retrograde cholangiopancreatography; EUS-FNA: Endoscopic ultrasound-guided fine-needle aspiration; PCLs: Pancreatic cystic lesions.](WJG-23-5610-g002){#F2}

Accuracy of EUS-FNA
-------------------

A total of 75 patients underwent surgery after EUS and pathological diagnosis was regarded as the gold standard. There were two malignant cysts by pathology and one was misdiagnosed by EUS-FNA. The sensitivity, specificity, positive predictive value, negative predictive value and accuracy of EUS-FNA in differentiating benign and malignant lesions were 98.6% (72/73), 50.0% (1/2), 98.6% (72/73), 50% (1/2) and 97.3% (73/75), respectively. When evaluating the capacity of characterizing subtype of PCLs, the accuracy of EUS-FNA was 84.0% (63/75).

Safety of EUS-FNA
-----------------

Fifty-eight patients were available for safety evaluation and monitored for ≥ 7 d. Only 1 patient with moderate abdominal pain received additional treatment with anisodamine and the pain was relieved. No other AE occurred, which resulted in an AE rate of 1.7%.

Incidents were reported in 22 patients, with a rate of 37.9% (22/58). Seven patients developed abdominal pain; nine hyperamylasemia; four both abdominal pain and hyperamylasemia; one abdominal pain, low-grade fever and hyperamylasemia simultaneously; and one low-grade fever and hyperamylasemia simultaneously (Table [2](#T2){ref-type="table"}).

###### 

Incidents of patients after endoscopic ultrasound-guided fine-needle aspiration

  **Incident**                                         ***n***
  ---------------------------------------------------- ---------
  Abdominal pain                                       7
  Hyperamylasemia                                      9
  Abdominal pain + hyperamylasemia                     4
  Abdominal pain + low-grade fever + hyperamylasemia   1
  Low-grade fever + hyperamylasemia                    1

Comparison between incidents/AEs and non-complaints of EUS-FNA
--------------------------------------------------------------

The characteristics of the incidents/AEs and non-complaints groups are described in Table [3](#T3){ref-type="table"}. We performed univariate analysis of the baseline patient and cystic characteristics to predict safety related to EUS-FNA. Among the variables, no significance was shown for age, sex, location and size of the lesions.

###### 

Comparison between incidents/adverse events and non-complaints of endoscopic ultrasound-guided fine-needle aspiration

                   **Incidents/AEs group, *n* = 23**   **Non-complaints group, *n* = 35**   ***P* value**
  ---------------- ----------------------------------- ------------------------------------ ---------------
  Age, yr          52.6 ± 19.0                         52.6 ± 13.5                          \> 0.05 (NS)
  Sex                                                                                       \> 0.05 (NS)
  Female           12                                  18                                   
  Male             11                                  17                                   
  Location                                                                                  \> 0.05 (NS)
  Head/uncinate    15                                  18                                   
  Body/tail        5                                   15                                   
  Multiple cysts   3                                   2                                    
  Size by EUS mm   34.5 ± 20.1                         41.2 ± 21.5                          \> 0.05 (NS)

Data are presented as mean ± SD or *n*. AEs: Adverse events; EUS: Endoscopic ultrasound; NS: Not significant.

DISCUSSION
==========

PCLs are composed of true cysts, pseudocysts and cystic neoplasms. About 60% of PCLs are cystic tumors, followed by inflammation and trauma-related pseudocysts accounting for 30%\[[@B12]\]. PCLs have a wide range of lesions ranging from benign to malignant\[[@B13]\]. Although imaging modalities have made great advances, the accurate diagnosis of PCLs and differentiation of PCL subtypes remain challenging\[[@B13]\]. EUS and EUS-FNA contribute much to the diagnosis of PCLs because of their high resolution and the aid of cystic fluid and cytological analysis\[[@B14]-[@B18]\]. EUS-FNA can offer incremental diagnostic sensitivity with its ability to obtain cystic fluid and cytology from worrisome areas\[[@B19]\]. The American Gastroenterological Association Institute suggests that EUS-FNA should be used to examine PCLs with at least two high-risk features\[[@B20]\]. EUS-FNA might affect the management of 72% of incidental pancreatic cysts\[[@B21]\]. When referring to EUS-FNA, its diagnostic value and safety are the most important features for evaluating its feasibility.

Many studies have shown that the accuracy of EUS-FNA in diagnosis of PCLs ranged from 66.7% to 97%\[[@B22]-[@B25]\]. Under EUS-FNA, cystic fluid and cystic tissue can be collected for biochemical, cytological, genetic and pathological examination, which may help to diagnose and classify PCLs\[[@B26]-[@B28]\]. The diagnostic yield from combined EUS-FNA imaging is better than from EUS alone\[[@B29]\]. EUS-FNA contributes much to differentiation between benign and malignant PCLs\[[@B30]\] and between mucinous and non-mucinous cystic lesions\[[@B31],[@B32]\]. Cytologic diagnosis with EUS-FNA is helpful to arrive at a more definitive diagnosis\[[@B5]\]. EUS with or without FNA is superior to CT and MRI in accurately classifying a cyst as neoplastic\[[@B33]\].

In our current study, EUS-FNA had a high sensitivity for differentiation of malignant cystic carcinoma from benign or malignant potential PCLs, but its specificity was only 50%. There were two cystic carcinomas diagnosed by EUS-FNA in our study and one was misdiagnosed. When EUS-FNA reveals malignance, we should accept its diagnosis with caution. Additional information, like age, clinical symptoms, history of present illness, blood test results and other imaging examinations, should be taken into account. However, pancreatic cancer has high malignancy with short survival time, we would rather misdiagnose than miss it. It is important to differentiate between mucinous and non-mucinous PCLs because their treatments are different.

In our research, EUS-FNA did well in classifying PCLs into different subtypes, with an accuracy of 84.0%. An earlier study suggested that diagnostic accuracy in distinguishing mucinous and non-mucinous PCLs increased up to 90% when taking cystic fluid tumor marker level, amylase level, mucin staining and cytology into consideration to make a presumed diagnosis\[[@B31]\]. Our result seemed lower, which may be because previous studies just made a distinction between mucinous and non-mucinous PCLs. The cystic wall puncture might increase the sensitivity of EUS-FNA\[[@B5]\]. A systematic review showed k-ras mutational analysis used as an individual screening test has a poor diagnostic accuracy and the combined test of cytology and k-ras benefited the diagnostic value\[[@B34]\].

When evaluating the safety of EUS-FNA, AEs have attracted a lot of attention, with AE rates ranging from 1.14% to 14%\[[@B35]-[@B39]\]. A large prospective multicenter study reported a complication rate of 6%\[[@B40]\]. In our study, the AE rate was 1.7%. A study enrolled 414 patients showed the AEs all occurred during the first day\[[@B41]\]. In accordance with a previous study, pancreatitis, infection, perforation, tumor seeding and clinically significant bleeding are the most common AEs of EUS-FNA\[[@B42]\]. The incidence of acute pancreatitis varies from 0% to 2.6% and bacteremia can be observed in ≤ 6% of EUS procedures and EUS-FNA\[[@B18],[@B38],[@B40],[@B43],[@B44]\]. The incidence of abdominal pain is 0%-3.6%, while fever is reported in 0%-4.1% of cases\[[@B41],[@B43],[@B45]-[@B47]\]. No protective effect was observed from periprocedural prophylactic antibiotic administration\[[@B48]\]. Debate remains about whether the complications of EUS-FNA for PCLs are more frequent than for pancreatic solid lesions\[[@B39],[@B49]\].

The incident rate in our study was higher than in a previous study reporting three incidents among 73 patients with PCLs and 73 with solid lesions\[[@B39]\]. However, the AE rate in our study was lower compared with 5.5% (4/73) in PCLs of the previous study. There are several reasons for this difference. Although the definitions of incidents and AEs are both based on an American Society for Gastrointestinal Endoscopy (ASGE) workshop, the postoperative treatment may differ. The definitions are related to planned therapy so differences in therapy will affect the discrimination between AEs and incidents. There are no clear guidelines for post-EUS-FNA treatment. Serum amylase and lipase levels were detected only when patients complained of abdominal pain in the previous study. Hyperamylasemia alone was common in our study and not necessarily accompanied by abdominal pain. Therefore, the number of incidents might have been underestimated in the previous study. Although incidents have no effect on completion of the planned procedure, paying attention to them may help optimize our treatment. For example, hyperamylasemia was reported 6 h after EUS-FNA and amylase level returned to normal the morning after the procedure. Therefore, one dose of octreotide might be enough for most patients. Noticing incidents can help operators take more care before, during and after an operation. Incidents may predict AEs, and giving attention to incidents might decrease AEs.

To predict the incidents/AEs, we carried out univariate analysis to identify factors that might affect incidents/AEs. Incidents/AEs were similar in patients of different age and sex and with lesions of different location and size. A previous study also demonstrated that location cannot predict AEs\[[@B38]\]. Eloubeidi et al\[[@B50]\] reported that the type and size of the pancreatic lesion affected AEs. We speculated that factors predicting incidents and AEs were similar. However, factors that may predict incidents deserve further investigation.

Our study prospectively revealed incidents related to EUS-FNA that may help to reduce AEs. However, there were several limitations. First, although there were 140 patients enrolled, we evaluated the accuracy of EUS-FNA in 75 patients (group 1) and safety of EUS-FNA in 55 patients (group 2). They were different groups and 17 patients among enrolled patients were neither in group 1 nor in group 2. Second, although the ASGE workshop defines incidents and AEs, there is no clear guideline for post-EUS-FNA treatment. The discrimination of incidents and AEs may vary with planned treatment. The incidents in our study may be different when changes are made to postoperative treatment. The final limitation was our small number of participants. Nearly half of the EUS-FNA procedures were done followed by surgery immediately, which made the sample for safety evaluation small.

In conclusion, EUS-FNA is effective and safe for diagnosis of PCLs, and has a high diagnostic accuracy and low AE rate. However, incidents related to EUS-FNA are common. Caution should be taken in patients undergoing EUS-FNA to prevent incidents from evolving into AEs. Incidents are similar in patients of different ages and sex and with lesions of different location and size.

COMMENTS
========

Background
----------

Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) is the predominant method for diagnosis of pancreatic cystic lesions (PCLs). Compared with computed tomography and magnetic resonance imaging, EUS-FNA is an invasive operation. It is the top priority to ensure the safety of EUS-FNA.

Research frontiers
------------------

There have been many studies on the safety and diagnostic accuracy of EUS-FNA for PCLs, but there have been few studies regarding the incidents related to this procedure. Their study was designed to evaluate the diagnostic value and safety mainly regarding incidents of EUS-FNA.

Innovations and breakthroughs
-----------------------------

The current study noted the incidents related to EUS-FNA, which have often been ignored. EUS-FNA is safe with low incidence of adverse events (AEs). However, incidents related to EUS-FNA are common. This study also analyzed the factors that predict safety related to EUS-FNA.

Applications
------------

Noticing incidents can help operators take more care before, during and after an operation. Incidents may predict AEs, and giving attention to incidents might decrease AEs.

Terminology
-----------

Incidents were different from AEs. Incidents were defined as symptoms or signs that did not interfere with the planned treatment. AEs were defined as events that prevented completion of or change in the planned procedure.

Peer-review
-----------

This manuscript describes an interesting investigation about the incidents and AEs of EUS-FNA for PCLs. In this study, the authors evaluated the diagnostic value and safety mainly regarding incidents of EUS-FNA for PCLs.
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